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TWO METHODS FOR ATTENUATION OF VIBRATION IN STRUCTURES
KEVIN MARK MCCLENDON
DEPARTMENT OF MECHANICAL ENGINEERING
ABSTRACT
The purpose of this report is to discuss methods of suppressing vibration in space
trusses. The discussion is centered on the approach, structural attributes, and
effectiveness of each method. One approach uses structural active members which are
actuated to produce “anti-vibration” to cancel vibrations in the truss. The other
method is to implement passive and active damping devices at the base of the space
truss, where it will absorb vibrations by fluctuating the stiffness of the structures
foundation.
INTRODUCTION
A major element in the future of space astronomy and exploration will involve the
use of very large space truss structures. However, due to the lack of any atmosphere
and the relatively insignificant gravitational force found in space, a need exists for a
method of attenuating vibrations which can occur in the trusses. These vibrations , if
allowed to continue to oscillate for extended periods of time may ultimately cause
damage to the structure itself or to other equipment.
The purpose of this report is to examine the two methods used to attenuate space
truss vibration.
Two methods of vibration attenuation are to be discussed:
1. Vibration suppression for a precision segmented reflector backup structure,
which was developed by the Applied Technologies Section of NASA’s Jet Propulsion
Laboratory (JPL) in Pasadena, California. This design is mainly used for very small
vibration suppression in large space structures.
2. Variable joint stiffness control for large space truss structures, which has been
researched as an ME 261 senior design project at University of Missouri - Rolla. This
design is to be implemented in the truss members at an optimal location on the structure
and will attenuate vibrations of a much larger magnitude.
The two methods will be discussed separately over such topics as approach,
structural attributes, effectiveness, and ease of optimization.
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VIBRATION SUPPRESSION FOR REFLECTOR BACKUP STRUCTURE
Approach
This method or technique is actually two techniques which are used together to
suppress vibrations in a large, complicated truss structure. This device was originally
intended to suppress vibrations in, and help control the shape of, a truss structure in
outer space that would support the precise, segmented reflector of a communication
antenna.
The inventors at JPL stated, “In addition to or in place of ordinary structural
members, the truss or other structure includes active and passive damping members.
Each active member includes a piezoelectric or other actuator collocated with a force
sensor and vibrational-velocity sensor.” [Fig. 1]. One of the two techniques is the use
of the active damping members in a newly developed bridge-feedback control scheme.
The other technique is nothing more than a means of placement of the active and
passive dampers. The problem of where to place each member of each type is one of
“combinatorial optimization”, as the inventors call it, which they define as, “...the
maximization of a weighted sum of the passive-damping and active-damping
contributions to the rate of dissipation of vibrational energy...”.
Active damping augmentation
The inventors at JPL stated “By analogy to the passive damping mechanism, it is
expected that the vibratory energy can be absorbed by an external force which is
actively controlled to be proportional to but out-of-phase with the local relative velocity
measurement. Therefore, an active damping member in the classical sense will require the
collocated velocity sensor and force actuator pair.”
The idea of replacing structural members with dampers has been investigated by
Canavin [2]. It was shown, however, that only a relatively small amount of vibration
attenuation can be achieved regardless of the large control gains used in the dampers.
Poor performance with the collocated actuator/sensor pair was demonstrated by Chen et
al [3], who found that the problem could be remedied by using the bridge feedback
control design which uses the local feedback of the velocity sensor in addition to the
force sensor.
Bridge feedback control
The inventors at JPL stated, “In communication engineering, bridge (or
compound) feedback refers generally to the concept of feeding back both current and
voltage in the feedback amplifier.”[l] Bridge feedback allows the designer to be able to
implement not only the desired frequency response of the amplifier’s gain but also the
amplifier’s output impedance[4].
The output impedance of the amplifier is the ratio of voltage to current readings
taken at the output port while the amplifier is being excited by the external source
which isconnected. In analogy, the active member’s mechanical impedance is defined as
the Laplace transform of the velocity difference ratio between the two ends of a member
to the axial force. In the adaptive structural system, the member axial force is taken to
-
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correspond to current and the velocity difference between its two ends is taken to
correspond to voltage.
The inventors at JPL stated, ‘T he incident wave of vibratory motion at the active
member is partially absorbed and partially reflected. The structural vibration can be
effectively damped when the energy absorption by the active members is judiciously
increased.”! 1]
Mechanical impedance of an active member with localized feedback can be
expressed as[4]:
Z U s) = Zo(s)[(l + To) / (1+Too)]

(1)

where Zm is the mechanical impedance of the active member after local feedback is
applied; Zo is the mechanical impedance of the active member before local feedback is
applied; T0 and Too are the return ratios of the local feedback loops when the active
member is rigidly clamped (zero load impedance) and allowed to expand (infinite load
impedance). Since the active member is to be a member of the larger truss structure, its
stiffness should always be much higher than the stiffness of the structural system to
which it is attached. Therefore, the rigidity of the active member needs to be reduced by
the implementation of the local feedback [4].
Passive damping member
Even though it is expected that passive damping alone can reduce structural
responses and transient settling time. The main interest of the JPL group was on the
synergistic effect it provides when combined with the control design. For more than
two decades, viscoelastic materials have been widely used as a source of passive
damping. The inventors at JPL stated that, “Because of the stringent surface accuracy
requirement of the assembled backup structure, damping member design using
viscoelastic material in the parallel load path was chosen as a baseline design. In this
design, the damping mechanism arises from the shear-lag phenomenon, i.e., load transfer
from the load-carrying member to the constraining member.”[lj The damping
performance is a function of the degree of straining in the viscoelastic material. Axial
damping performance parameters were based on the energy concept and complex
viscoelastic modulus. [5]
Damping member placement
The inventors at JPL stated, “Because of the descrete nature of the effect of
adding or removing damping members), the optimal selection of the damping member
locations in a truss structure falls into the class of a combinatorial optimization problem
which is usually much more difficult and costly to solve than a continuouse optimization
problem. Thus it is natural to consider the heuristic-based techniques that can render the
near-optimal lolutions at a relatively low computational cost. In most of the heuristicbased optimization procedure, the optimal solution is found by a sequence of
monotonically improving solutions which can be classified as iterative improvement
techniques. The disadvantage of iterative improvement techniques is that they are
prone tto being trapped in the local optima.”
-

261-

NASA overcame this problem by using the simulated annealing heuristic in the
optimization algorithm as discribed in Chen, Bruno, and Salama [6].
The dissipation rate of vibrational energy is an effective measure of the degree of
damping augmentation. Therefore, it is used by NASA as performance criterion in the
formulating the optimization algorithm. The detailed derivation of the dissipation energy
expression with constant output velocity is given by Chen, Bruno, and Salama [6].
Conclusions
NASA found that the best approach for implementing active damping is based on
the use of structural member dampers with built-in actuator/sensor functions [1].
A good technique for placement of the active and passive dampers in NASA’s
Precision Segmented Reflector backup structure was developed that uses a simulated
annealing heuristic. The simulated annealing algorithm does not guarantee global
optimality. It does, however, provide a computationally efficient tool to find the nearoptimal solution to what would otherwise be a computationally prohibitive problem [1].
VARIABLE JOINT STIFFNESS SPACE FRAME
Approach
Using ANSYS Engineering Analysis System , a finite element analysis was
performed for both a static and dynamic analysis of a truss structure. The aim was to find
the locations to implement passive and active dampers so as to optimize the overall
damping effect and minimize the time required to bring the truss system to a state of nearzero vibration [7].
Damping methods
Since the goal of the group was not to optimize the design of the damper itself
but to optimize the location, the group designed their own passive and active dampers
[Fig. 2 and Fig. 3 respectively]. The passive element consisted of a basic spring-dashpot
design. The active element consists of a motor and gearbox which is activated by a
piezoelectric material located within the joint. These two types of dampers were used in
parallel so as to maximize the vibration attenuation.
Several advantages and disadvantages exist for each: Passive damping elements
could be used effectively for vibration attenuation on smaller simpler structures or sub
structures and are less expensive to manufacture than active dampers, however, they
seem to demonstrate more initial deflection than active dampers. Active damping
elements would work well with larger structures. The structural integrity is maintained
because the joint is locked until the vibration is reduced to tolerable levels, and then
unlocks. These elements cost more the manufacture because they require a sensing
device and power source to monitor and correct the error signal.
Optimization of location
-
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The project was confined to a theoretical analysis due to lack of time and
resourses. Using ANSYS a finite element analysis was performed. The program, capable
of performing a static or a dynamic analysis, can be used to study the effects of applied
forces or loads on the structure. All necessary data concerning truss dimensions and
mass, damper coefficients, spring coefficients, and damper locations must be input into
ANSYS. The program will then produce data which can be used to determine the length
of time it required for the dampers to reduce the truss vibration to an acceptable level[7].
Conclusions
The group found that their best results were obtained by using three damping
elements. Proper selection of the location of the elements were determined by
performing the ANSYS stress analysis on the truss. This analysis also determined the
main load bearing element located at the bottom of the truss. From this analysis, the
damping elements were placed as shown in Fig. 9.
Additional runs of ANSYS with the damping elements in place indicated a much
better response time for the truss than with no damping. The system response time to
reach steady state was improved by over 2.50 seconds, while the initial displacement
was increased by only 62.5 mm.
The design group felt that further investigation into this project could prove very
beneficial. Their study involved only a lightweight, relatively small structure loaded with
bending forces only. Other studies could be performed on larger, steel framed
structures under bending, axial, or torsional loading, or a combinations of all three [7].
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FIGURES

Figure 1. Part of a Truss Structure contains an active damping member, which
is a stainless-steel tube with an embedded stack of concentric piezoelectric wafers, an
eddy-current differential proximity sensor, and a strain-guage sensor.
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